Background: Lipid abnormalities are twice as common in patients with type 2 diabetes, and this contributes substantially to their increased risk of cardiac disease. The American Diabetic Association (ADA) has defined treatment goals for high-density lipoprotein (HDL) cholesterol (>45 mg/dL), triglyceride (<200 mg/dL), and low-density lipoprotein (LDL) cholesterol (<100 mg/dL). It is unknown, however, how frequently patients with diabetes managed in primary care settings are able to attain these treatment goals.
Coronary artery disease (CAD) is the leading cause of death among patients with type 2 diabetes, 1 and patients with diabetes have been estimated to have a risk of myocardial infarction similar to those who have previously suffered myocardial infarction. 2 Lipid abnormalities contribute substantially to the increased CAD risk of patients with diabetes. [3] [4] [5] [6] [7] Lipid abnormalities are twice as common in patients with type 2 diabetes compared with the general population. Insulin resistance in type 2 diabetes leads to inhibited action of lipoprotein lipase, which tends to cause elevated triglyceride and low levels of high-density lipoprotein (HDL) cholesterol. Glycemic control may improve lipid levels but will usually not normalize them by itself. 8 No study has specifically assessed the effect of lipid lowering on CAD risk among patients with diabetes. The only relevant findings have resulted from subgroup analyses of other lipid lowering trials. In these subgroup analyses, patients with diabetes have shown similar reductions in both lipid levels and CAD risk. 9, 10 Given the overall greater risk of CAD for patients with diabetes, the goal of lowering lipid levels may be particularly important.
In an attempt to improve diabetic control and prevent diabetic complications, the American Diabetic Association (ADA) has defined treatment goals for physicians managing patients with diabetes mellitus. 11 lesterol [Ͻ100 mg/dL (Յ2.60 mmol/L)]. It is unknown, however, how frequently patients with diabetes managed in primary care settings are able to attain these treatment goals. Because primary care physicians, rather than specialists, provide the majority of care to persons with diabetes, it is important to understand the effectiveness of diabetic care provided in primary care settings. This study was conducted, therefore, to determine the frequency with which patients with diabetes managed in an academic family practice clinic had achieved ADA treatment goals for lipids and to determine the clinical predictors of successfully reaching ADA goals. This information may be useful when developing quality improvement interventions.
Methods
This study was conducted at a university primary care clinic in Tampa, Florida. Ten board-certified family physicians, 4 advanced registered nurse practitioners, and a physician's assistant staff the clinic. The clinic provides more than 20,000 primary care patient visits each year. Attending physicians and staff provide all patient care. Residents do not provide patient care at the primary care clinic.
We used the computerized scheduling/billing database to identify all patients seen from March 1999 to March 2001 who had a diagnosis of diabetes mellitus (n ϭ 581). We used the following International Classification of Diseases 9th Revision codes to identify patients diagnosed with diabetes: 250.00 to 250.01, 250.02, 250.03, 250.8, and 250.9. Using this as our sampling frame, we randomly selected 239 patients for study using a list of computer-generated random numbers. This method ensured that all patients with diabetes within the practice population had an equal probability of being included in the sample. Because treatment issues differ substantially for patients with type 1diabetes, and because their number was limited in our sample, we excluded 21 patients whose medical record indicated a diagnosis of type 1 diabetes mellitus. The remaining 218 patients who had a diagnosis of type 2 diabetes mellitus constituted our final study sample.
The clinical course and laboratory analyses of 218 patients with type 2 diabetes mellitus during the years 1999 to 2001 were abstracted from a structured review of the medical record. The following information was abstracted: sociodemographic characteristics (age, gender, race/ethnicity, marital status, education level, health insurance), chronic medical conditions other than diabetes, most recent body mass index, current medications used, smoking status (current, former, never), total number of visits to family physicians and nonphysician providers (advanced registered nurse practitioners, physician's assistants) in the previous year, systolic and diastolic blood pressures, and most recent laboratory results (including HDL, LDL, triglyceride, and hemoglobin A 1c ).
We measured comorbidity of patients with diabetes using the Charlson Comorbidity Index.
hemiplegia, 2 renal disease, 2 and acquired immunodeficiency syndrome. 6 Increasing scores on the Charlson Comorbidity Index reflect an increasing burden of comorbid conditions. [12] [13] [14] We examined the most recent laboratory results available in the medical record to determine whether patients had met each of the 3 ADA treatment goals for lipids [HDL cholesterol Ͼ45 mg/dL (Ͼ1.15 mmol/L), triglyceride Ͻ200 mg/dL (Ͻ2.30 mmol/L), and LDL Ͻ100 mg/dL (Յ2.60 mml/L)]. We examined clinical predictors of having achieved lipid goals using the 2 test or t test as appropriate.
We explored multivariate predictors of having achieved lipid goals using multiple logistic regressions. Separate models were developed for each lipid measure (HDL, LDL, triglyceride). All clinical predictor variables were eligible for inclusion in logistic models. Final models consisted of predictors that remained statistically significant at the 0.05 levels in a stepwise variable selection algorithm. The University's Institutional Review Board approved this study.
Results
The Patients who achieved triglyceride goals were slightly younger than those who did not (56.1 vs 60.9 years, P ϭ .01). Otherwise, the likelihood of attaining ADA treatment goals for triglyceride levels did not vary according to the clinical characteristics studied (Table 1) . Patients who achieved goal were similar to those who did not in respect to number of provider visits (4.2 vs 4.5 visits, P ϭ .32), comorbidity index scores (1.6 vs 1.6, P ϭ .59), mean systolic blood pressure (141.3 vs 140.1 mm Hg, P ϭ .65), mean diastolic blood pressure (74.1 vs 77.0 mm Hg, P ϭ .07), mean BMI (32.0 vs 33.4, P ϭ .17), mean hemoglobin A 1c value (0.077 vs 0.079, P ϭ .50), and average number of prescriptions taken (1.2 vs 1.4, P ϭ .11).
In multivariate analysis, 3 clinical predictors of having achieved LDL treatment goal emerged (Table 2). Men had 2.3 times greater odds of having achieved the LDL goal than women. Patients taking a statin and those with a history of hypertension had greater odds of achieving LDL goals than other patients with diabetes. Four predictors of achieving HDL goal emerged (Table 3) . Patients with diabetes had greater odds of achieving the HDL goal if they were female or black. The odds of achieving the HDL goal also increased with decreasing BMI and triglyceride values. The odds of achieving triglyceride goal were greater for men, for patients having Medicare insurance plus private insurance, and with increasing values of HDL (Table 4 ).
Discussion
We found that less than half of patients with diabetes had achieved ADA recommended treatment goals for LDL or HDL cholesterol. In the diabetic patient population studied, there was a clear gap between goals put forth in guidelines and outcomes achieved in clinical practice. The reasons that patients with diabetes in our sample failed to achieve lipid goals are not known. In previous studies, physicians have offered a number of explanations for why care has deviated from guidelines, including patient factors, system issues, simple oversights, and disagreement with the guidelines. 23, 24 Further research is needed to better understand the barriers to attaining lipid goals and to guide the development of interventions to improve care. Interventions that include a pharmacist working in conjunction with the treating physician have been successful in attaining lipid goals in other settings and may be one promising approach for patients with diabetes managed in primary care. [25] [26] [27] [28] Our results are similar to findings reported in the Lipid Treatment Assessment Project (LTAP), a study of 4888 patients with dyslipidemia. 15 In the LTAP study, only 38% of adult patients with dyslipidemia achieved the LDL goal specified by the National Cholesterol Education Program (NCEP).
Patients with diabetes mellitus in the LTAP study were only slightly more likely to have achieved NCEP goals for LDL cholesterol (41%) than were patients without diabetes. Most other studies assessing LDL goal attainment have been conducted among patients having myocardial infarction or existing coronary artery disease. Even in these highrisk groups, most studies have shown the majority of patients fail to achieve the LDL treatment goals specified by NCEP. 16 -18 Patients with diabetes taking a lipid-lowering drug were more than 3 times as likely to have achieved the LDL goal specified by the ADA. Previous studies, however, have found that even among patients using a lipid-lowering drug, many do not achieve the LDL cholesterol goal 19, 20 ; in one study, the majority of patients who were currently using a lipid-lowering drug had not achieved goal. 21 In almost all cases, patients were not taking the maximum drug dose, suggesting that inadequate dosing may be one explanation for failure to achieve goal.
Men and patients with a history of hypertension were more likely to have achieved the LDL goal, a finding that was also reported in the LTAP study. The reasons for this are not clear but may indicate that physicians are more aggressive with lipid management in the face of these additional risk factors. There may be other explanations, however, because in the LTAP study, patients with risk factors such as a family history of CAD or smoking were not more likely to have achieved the goal. In our study, there were too few diabetic smokers or patients with a family history of CAD to examine whether these groups were more likely to have reached lipid goals. Then again, male patients or those with hypertension may be more aware of the need for lipid management and may more aggressively pursue its treatment.
Even fewer (42.0%) patients with diabetes had reached the ADA treatment goal for HDL cholesterol. Being female, black, having lower BMI, and having lower triglyceride were all clinical predictors of successfully attaining the HDL goal. The HDL goal may be more difficult to achieve because many commonly used lipid-lowering drugs are more effective at lowering LDL cholesterol than they are at raising HDL cholesterol. 20 In addition, diabetes-related inhibition of lipoprotein lipase often leads to elevated levels of triglyceride and reduced levels of HDL cholesterol, which may persist even with good glycemic control. 22 There are several limitations to our study. This study was limited to an academic practice setting that may be different from community practice settings. We examined the attainment of lipid goals at a single point in time, and it is possible that some patients had attained goals in the past or would attain treatment goals in the future. We did not have information on the quantity or quality of lipid-related patient education that was provided to patients. We also did not have information on the extent to which patients pursued nonpharmacologic therapies or the extent to which patients complied with physician recommended therapies. Out study also did not take into account other medications that may affect lipids (diuretics, ␤-blockers). We examined care that occurred when guidelines published by NCEP II and the ADA were well known to physicians. For LDL, the treatment goals differ between the 2 guidelines, and it is possible that some physicians were striving for the less stringent goal of 130 mg/dL recommended by NCEP II. We also did not have information on other providers of diabetic care (endocrinologists for example), so we could not assess their effect on outcomes. Finally, treatment guidelines are not static but continue to be updated (ie, NCEP III). For example, NCEP III now specifies a triglyceride treatment goal of Ͻ150 mg/dL, which only 50% of our sample would have met.
In conclusion, we found that the majority of patients with diabetes studied failed to attain lipid goals set forth by the American Diabetes Association. Failing to increase the dose of lipid-lowering medications may be one reason that patients with diabetes are failing to reach treatment goals. More detailed studies are required to discern the reasons that treatment goals are not attained and to guide interventions to improve diabetic care.
